By performing time-of-flight neutron scattering measurements on a large amount of single crystals of Sr 2 RuO 4 , we studied detailed structure of the imaginary part of the dynamic spin susceptibility over a wide range of phase space. In the normal state at T = 5 K, strong incommensurate (IC) peaks were clearly observed at around Q c = (0.3, 0.3) up to at least ω = 80 meV. In addition, our data also show strong magnetic fluctuations that exist on the ridges connecting the IC peaks around the (π, π) point rather than around the Γ point. Our results are consistent with the semi-mean-field random phase approximation calculation for a two dimensional Fermi liquid with a characteristic energy of 5.0 meV. Furthermore, the IC fluctuations were observed even at room temperature.
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Despite lots of theoretical and experimental studies done since the discovery of the superconductivity below T c = 1.5 K 1,2 , the nature of the superconductivity in ruthenate, Sr 2 RuO 4 , is still controversial. The electronic structure of the ruthenate has been well studied theoretically 3,4 and experimentally 5 . The t 2g electrons of Ru 4+ ions form three bands near the Fermi surface; d xz and d yz orbitals form quasi-one-dimensional α and β sheets, while d xy forms a two-dimensional γ sheet 4 . Initially, it was believed that the α and β sheets are responsible for the magnetic response, and the γ sheet for the superconducting mechanism 6,7 .
The former sheets generate the incommensurate (IC) antiferromagnetic fluctuations, while the latter appears as the ferromagnetic fluctuations.
The superconducting order parameter was proposed to be a p-wave state with a chiral p x ± ip y symmetry 8, 9 . The origin of the p-wave superconductivity was thought to be the ferromagnetic fluctuations due to the γ sheets. However, the imaginary part of the dynamic spin susceptibility, χ ′′ , measured by inelastic neutron scattering measurement has not exhibited any detectable ferromagnetic fluctuations in both the normal and superconducting states [10] [11] [12] [13] . Instead, in both states gapless IC spin fluctuations were observed up to 40 meV at Q c = (0.3, 0.3) which come from the Fermi surface nesting of the α and β sheets 14 .
Furthermore, the direct experimental tests to observe the expected broken time-reversal symmetry has been conflicting. Muon spin relaxation 15 , polarized neutron scattering experiment 16 and Kerr effect 17 measurements have been reported to support thep x ± ip y paring scenario, while scanning Hall bar and scanning superconducting quantum interference device measurements 18 gave no evidence for the edge supercurrents that should be generated by such a broken time-reversal symmetry.
Very recently, theoretical work based on the weakly coupled bands reported that the quasi-one-dimensional α and β sheets rather than two-dimensional γ sheet are responsible for the triplet superconductivity and also for the lack of the edge supercurrents 19 . Since the α and β sheets generate strong magnetic fluctuations, it would be crucial to obtain detailed information about dynamical spin susceptibility over a wide range of the momentum (Q) and energy ( ω) phase space. Many theoretical models 14, [20] [21] [22] [23] [24] predict the IC spin fluctuations, but the fine structure of χ ′′ varies in different models; while the position of the main peaks in χ ′′ is quite stable with regard to the computational details, the exact shape of the twodimensional ridges connecting these peaks depends very much on the exact degree of the α/β nesting, including the residual three-dimensional dispersion. As a result, in some papers the ridges are largely suppressed around Γ 14,21,22 , while in others with different parameters and an additional spin-orbit interaction they extend over the entire length of the Brillouin zone 24 .
Previous neutron scattering experiments have been limited to obtain the detailed structure of χ ′′ , mainly due to small amounts of sample and also due to the triple-axis spectroscopy (TAS) that was utilized to cover only a limited area of the phase space.
Here, we report our time [25] [26] [27] . Our data also shows that the weaker ridge scattering exists around the (π, π) point rather than the Γ point. Furthermore, unlike in the previous neutron study 10, 11 , the IC fluctuations were observed even at room temperature.
Five single crystals of Sr 2 RuO 4 with a total mass of 29.15 g were prepared by a floatingzone method 28, 29 . They were co-aligned for our neutron scattering measurements performed at the TOF spectrometer 4SEASONS 30,31 located at J-PARC, Tokai in Japan. The crystals were mounted in a way that the crystallographic c-axis was along the incident neutron beam, which allows one to probe the scattering in the (H K 0) plane for this quasi-twodimensional system. The crystals were put into an aluminum sample can that was then attached to a closed-cycle displex refrigerator, and the measurements were done at 5 K and 300 K. does not change with ω up to 80 meV (see Fig. 1 ). The full-width-of-the-half-maximum of the magnetic scattering along the H-direction does not change at low energies (see Fig. 2(a) ), suggesting a very high stiffness of the magnetic fluctuations. This will be discussed in detail later.
In order to investigate the Q-dependence of the low energy magnetic fluctuations, we integrated S(Q, ω) over ω from 2.5 to 7 meV and L from −5 to 5 at T = 5 K, and the result as a function of Q = (H, K) is plotted in Fig. 2 Contour map at constant-ω cut the neutron scattering intensity at T = 5 K. The energy window was from ω = 2.5 to 7 meV, and the scattering was integrated over −5 ≤ L ≤ 5. The incident neutron energy was E i = 12.6 meV in both panels.
consequence of the Fermi surface nesting of the quasi-one-dimensional α and β sheets 14, 21 and have been observed experimentally [10] [11] [12] [13] . On the other hand, these peaks showed no L-dependence 11, 34, 35 .
To address the aforementioned controversy over the location of the ridge scattering, we integrated the neutron scattering intensity of the low energy excitations shown in Fig. 2(b) along several different Q-directions as shown in the inset of Fig. 3 . Figure 3 shows the (9) with H ≈ 0.33. These two features have already been observed in the previous neutron scattering study 11 . For the possible ridge scattering, we plot the data across the ridges around (π, π) (see the inset for the directions, and Figs. 3(c) and 3(d) for the data) and around the Γ point (Fig. 3(e) ). In contrast to the previous study 11 , our TOF data show strong ridge scattering around (π, π) (at H = 0.326 (1) with K ≈ 0.5 and K = 0.327 (1) with H ≈ 0.5 in Figs. 3(c) and 3(d), respectively) rather than around the Γ point ( Fig. 3(e) ). This can be seen in Figs 
The magnetic form factor of Sr 2 RuO 4 , F (Q), was obtained from reference 35 . For a quantitative analysis, we fit the data to the general form of the phenomenological response function used to describe a Fermi liquid system 36 ;
where χ δ , κ 0 , ω SF , and Q c are parameters for the peak intensity, the sharpness of the peak, the characteristic energy of the spin fluctuations, and the IC peak position 37, 38 , which are all independent of ω. We fitted the H-and K-dependences at each ω positions simultaneously to Eqs. (1) and (2) and (2) with a linear background at each ω are also described by solid lines.
